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Description

FIELD OF THE INVENTION

[0001] This invention relates to methods and compo-
sitions for stabilizing proteases intended for oral admin-
istration against degradation in the stomach and in gas-
tric fluid and in other physiological fluids that may oxidize
and degrade these proteins. The present invention there-
fore relates to the fields of biology, chemistry, molecular
biology, medicinal chemistry, medicine, and pharmacol-
ogy.

DESCRIPTION OF RELATED DISCLOSURES

[0002] Oral delivery of proteins to the gastrointestinal
tract is known to be problematic, as a result of poor protein
stability due to both gastric pH and proteolytic digestion
by enzymes, as well as poor absorption. Many attempts
have been made to deliver proteins by the oral route or
locally to the stomach. US Patents 7,291,598; 7,265,097;
and 7,244,709, for example, all use nanoparticles con-
taining chitosan to improve the absorption and stability
of proteins in the gastrointestinal (GI) tract. US Patent
6,541,606 utilizes crystalline proteins to avoid degrada-
tion in the stomach and for treatment of diseases of the
GI tract and discusses potential bioadhesion to Peyer’s
patches to improve protein absorption from the GI tract.
US Patent 7,351,741 describes additives to improve ab-
sorption of proteins from the GI tract. These patents de-
scribe the problems of stability of proteins in the GI tract
due to acidic pH in the stomach and due to enzymatic
digestion as well as poor absorption from the GI tract.
The instability of proteins in the GI tract or stomach due
to oxidation or non-proteolytic digestion is not described
by any of the aforementioned references.
[0003] Lactase, a β-galactosidase that metabolizes
lactose, and papain, a cysteine protease, are both en-
zymes administered orally as dietary supplements.
Lactase is administered as a digestive aid for individuals
that are deficient in the ability to digest lactose. For ex-
ample, lactase from Aspergillus oryzae is administered
as Lactaid® (Pleasantville, NJ) as a dietary supplement,
and US Patents 6,660,313 and 6,562,339 describe for-
mulations of lactase for oral administration in dietary sup-
plements. Papain, a cysteine protease, is administered
as a digestive aid. However, its optimal temperature is
65°C, and it is not clear that papain is an active enzyme
in the stomach.
[0004] US Patents 7,320,788 and 7,303,871 describe
the use of glutenases, alone and in combination, as orally
administered enzymes to digest gluten for treatment (and
prevention of symptoms) of Celiac sprue. One of the en-
zymes described as a glutenase is a recombinant version
of a cysteine endoprotease originally isolated from bar-
ley. In 1953, it was first recognized that ingestion of glu-
ten, a common dietary protein present in wheat, barley
and rye causes disease in sensitive individuals. Gluten

is a complex mixture of glutamine- and proline-rich glu-
tenin and prolamine molecules, which is thought to be
responsible for disease induction. Ingestion of such pro-
teins by sensitive individuals produces flattening of the
normally luxurious, rug-like, epithelial lining of the small
intestine known to be responsible for efficient and exten-
sive terminal digestion of peptides and other nutrients.
Clinical symptoms of celiac sprue include fatigue, chronic
diarrhea, malabsorption of nutrients, weight loss, abdom-
inal distension, anemia, as well as a substantially en-
hanced risk for the development of osteoporosis and in-
testinal malignancies (lymphoma and carcinoma). The
disease has an incidence of approximately 1 in 200 in
European populations.
[0005] A related disease is dermatitis herpetiformis,
which is a chronic eruption characterized by clusters of
intensely pruritic vesicles, papules, and urticaria-like le-
sions. IgA deposits occur in almost all normal-appearing
and perilesional skin. Asymptomatic gluten-sensitive en-
teropathy is found in 75 to 90% of dermatitis herpetiformis
patients and in some of their relatives. Onset is usually
gradual. Itching and burning are severe, and scratching
often obscures the primary lesions with eczematization
of nearby skin, leading to an erroneous diagnosis of ec-
zema. Strict adherence to a gluten-free diet for prolonged
periods may control the disease in some patients. Dap-
sone, sulfapyridine and colchicines are sometimes pre-
scribed for relief of itching due to dermatitis herpetiformis.
[0006] Celiac sprue and dermatitis herpetiformis are
generally considered to be an autoimmune disease, and
the antibodies found in the serum of the patients indicate
an immunological basis of the disease. Antibodies to tis-
sue transglutaminase (tTG) and gliadin appear in almost
100% of the patients with active Celiac sprue, and the
presence of such antibodies, particularly of the IgA class,
has been used in diagnosis of the disease.
[0007] The large majority of Celiac sprue and derma-
titis herpetiformis patients express the HLA-DQ2
[DQ(a1*0501, b1*02)] and/or DQ8 [DQ(a1*0301,
b1*0302)] molecules. It is believed that intestinal damage
is caused by interactions between specific gliadin oli-
gopeptides and HLA-DQ2 or DQ8, which in turn induce
proliferation of T lymphocytes in the sub-epithelial layers.
T helper 1 cells and cytokines apparently play a major
role in a local inflammatory process leading to villus at-
rophy of the small intestine.
[0008] At the present time, the only treatment for Celiac
sprue is the strict avoidance of all foods containing gluten,
although clinical trials of glutenases are ongoing. While
gluten withdrawal has transformed the prognosis for chil-
dren diagnosed with Celiac sprue and substantially im-
proved it for adult patients, some people still die of the
disease, mainly adults who had severe disease at the
outset. An important cause of death is lymphoreticular
disease (especially intestinal lymphoma). It is not known
whether a gluten-free diet diminishes this risk. Apparent
clinical remission is often associated with histologic re-
lapse that is detected only by review biopsies or by in-
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creased EMA titers.
[0009] Gluten is so widely used, for example in com-
mercial soups, sauces, ice creams, hot dogs, and other
foods, that patients need detailed lists of foodstuffs to
avoid and expert advice from a dietitian familiar with Ce-
liac sprue. Ingesting even small amounts of gluten may
prevent remission or induce relapse. Supplementary vi-
tamins, minerals, and hematinics may also be required,
depending on the degree of deficiency experienced by a
particular patient. A few patients respond poorly or not
at all to gluten withdrawal, either because the diagnosis
is incorrect or because the disease is refractory. In the
latter case, oral corticosteroids (e.g., prednisone 10 to
20 mg bid) may induce response.
[0010] Perhaps the most promising new therapy in clin-
ical development is the use of glutenases as described
in US Patents 7,320,788 and 7,303,871 (see also PCT
Pub. Nos. 2008/115428; 2008/115411; 2007/044906;
and 2007/047303; and US 20080193436) to prevent
and/or treat the symptoms of Celiac sprue and/or derma-
titis herpetiformis by decreasing the levels of toxic gluten
oligopeptides in foodstuffs, either prior to or after inges-
tion by a patient. These patent publications disclose that
certain gluten oligopeptides are resistant to cleavage by
gastric and pancreatic enzymes, that the presence of
such peptides in the small intestine results in toxic effects
in Celiac sprue (and dermatitis herpetiformis) patients,
and that enzymatic treatment can remove such peptides
and their toxic effects. By digestion with glutenases,
these toxic oligopeptides are cleaved into fragments,
thereby preventing or relieving their toxic effects in Celiac
sprue or dermatitis herpetiformis patients.
[0011] Many glutenases comprise cysteine and/or me-
thionine residues, and proteins containing cysteine or
methionine can be subject to oxidation during storage
either as bulk enzyme or as dosage forms, and enzymes
with cysteine in the active site, specifically cysteine pro-
teases, can be inactivated by oxidation of cysteine. The
stability of these proteins during storage or after lyophi-
lization may be improved by adding acetylcysteine or me-
thionine to scavenge free radical attack.
[0012] A variety of antioxidants are known to be useful
as preservatives during storage of pharmaceuticals and
foods, including sulfur-containing antioxidants, free thi-
ols, such as cysteine, homocysteine, thioglycerol, ace-
tylcysteine, as well as sodium sulfite, sodium metabi-
sulfite, sodium thiosulfate, and the like, disulfides (such
as dithiothreitol and α-lipoic acid where free thiols can
be generated), and other classes of antioxidants, such
as chelating agents, such as EDTA, ascorbic acid, gallic
acid and its derivatives, tocopherol and its derivatives,
and others known in the art to prevent oxidation. Selec-
tion of an antioxidant that will work for a particular protein
is often not predictable and involves trial and error.
[0013] Because prevention of oxidation in dosage
forms involves limited volumes of drug, small amounts
of antioxidant can be effective, because the concentra-
tion of the antioxidant in the dosage form is relatively

large. However, the amount of antioxidant in the dosage
form would have negligible activity in the larger volume
of the stomach, which can be 1 liter in volume or more.
[0014] Certain cysteine proteases, in particular, papain
and certain cathepsins, have been reported to be deac-
tivated by S-nitrosylation of the active site cysteine (see
Wang et al. (2000) JBC 2002 277(21):18568-73; Ascenzi
et al. (2001) Curr. Protein Pept. Sci. 2: 137-153.; and
Venturini et al. (2000) Biochem. Biophys. Res. Commun.
270: 437-441.). Certain sulfhydryl containing NO donors
have been demonstrated to reversibly inhibit this enzyme
by S-NO bond formation at the active site, Cys25. This
inhibition was reversed by dithiothreitol, but not by ascor-
bic acid. The researchers presumed that a disulfide bond
between the papain and the S-NO donor was responsible
for the inhibition.
[0015] Nitrate in saliva has been shown, in rats, to be
converted to nitrite, which can then be further converted
to NO at fasted gastric pH of 2 (Bjorne et al. (2004) J.
Clin. Invest. 113: 106-114). Under such conditions, in-
creased NO formation from nitrites and increased blood
flow, presumably mediated by NO, were reportedly ob-
served. It is known that, from the serosal side, nitric oxide
acts on the stomach to influence gastrointestinal motility,
possibly by forming S-nitrosyl thiol protein intermediates.
[0016] Thus, there remains a need for pharmaceutical
formulations and unit dosage forms that can improve sta-
bility of a protein in the fed stomach. The present inven-
tion meets this and other needs.

SUMMARY OF THE INVENTION

[0017] The present invention provides pharmaceutical
formulations of a protein suitable for oral administration
that stabilizes the protein in the fed stomach. The present
invention provides a solid pharmaceutical formulation of
a barley endoproteinase B2 (EPB2) or a recombinant)
form thereof suitable for oral administration in unit dose
form that comprises a sulfur-containing antioxidant se-
lected from a sulfate, a free thiol, and the group consisting
of sodium sulfite, sodium metabisulfite, N-acetylcysteine,
homocysteine, cysteine, monothioglycerol, sodium thio-
sulfate, α-lipoic acid, and dithiothreitol. In various em-
bodiments, the pharmaceutical formulation optionally
comprises a chelating agent. In one embodiment, the
chelating agent is EDTA. In other embodiments, the
chelating agent is citric acid.
[0018] In one embodiment, the barley endoprotease
EPB2 is admixed with a prolyl endopeptidase (PEP). In
one embodiment, the PEP is Sphingomonas capsulata
PEP or a modified form of that protease, or a recombinant
version of either. In one embodiment, the PEP is As-
pergillus niger PEP or a modified form of that protease,
or a recombinant version of either.
[0019] The present invention is useful in a method for
preventing and/or treating Celiac sprue and/or dermatitis
herpetiformis in a patient, said method comprising the
step of orally administering a stabilized cysteine protease
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containing pharmaceutical formulation of the invention
to said patient, contemporaneously with the patient’s in-
gestion of a gluten-containing foodstuff.
[0020] In a further aspect, the present invention pro-
vides unit dose forms of the novel compositions of the
invention as defined in the claims. In various embodi-
ments, the unit dose form can conveniently be used in
the method of the invention. The dosage forms and phar-
maceutical formulations of the invention can be used for
the treatment of mammals as well as humans.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021]

Figure 1 shows the activity of ALV001* (the active
form of the proenzyme ALV001) during incubation
with postprandial gastric fluid.
Figure 2 shows the activity of ALV001 during incu-
bation with postprandial gastric fluid.
Figure 3 is a western blot of ALV001 showing stabi-
lization of ALV001 in postprandial gastric fluid with
1-thioglycerol.
Figure 4 shows the activity of ALV003 during incu-
bation with postprandial gastric fluid in the absence
or presence of 1-thioglycerol.
Figure 5 shows the reversal of loss of enzyme activity
with antioxidant.
Figure 6 shows the stabilization of ALV001 in post-
prandial gastric fluid with reducing agents.
Figure 7 shows stabilization as in Figure 6, with so-
dium thiosulfate at 0.5 mM, sodium metabisulfite at
0.5 mM and lipoic acid at 5 mM.
Figure 8 shows a time course for stabilization with
sodium sulfite.
Figure 9 shows a titration of sodium metabisulfite.
Figure 10 shows a restoration of activity after the
addition of reducing agents.
Figure 11 shows a dose dependence of sodium me-
tabisulfite in stabilization of ALV001.
Figure 12 shows a metabisulfite titration at 2X
ALV001 enzyme concentration.
Figure 13 shows that sodium metabisulfite stabilizes
ALV001 activity in orange juice. 3 mg/ml ALV001
was reconstituted in orange juice with or without 840
mM sodium metabisulfite. Chromogenic enzyme ac-
tivity was measured at the indicated timepoints to
determine the relative amount of functional enzyme.
Figure 14 shows that cysteine stabilizes ALV001 ac-
tivity under simulated postprandial gastric condi-
tions. A gluten-free meal was chewed and spit into
resting gastric fluid. ALV003 and varying levels of
cysteine were added at time 0 and the stability of
ALV001 activity was tested by monitoring chromog-
enic enzyme activity over time. Gastric acid secretion
was simulated throughout the experiment.
Figure 15 shows that ALV001 stability study. 150 mg
of enzyme was formulated with 300 mg. citric acid

monohydrate, and 8 mg. sodium bisulfite, placed in
polypropylene bottle, and sealed in foil pouches. A
chromogenic assay was measured at specified time
points to assess stability.

DETAILED DESCRIPTION OF THE INVENTION

[0022] In the current art of oral delivery (the adminis-
tration of a substance by mouth, i.e., oral administration)
of proteins, stabilization in the GI tract to prevent protein
oxidation has not been discussed; instead, the focus of
past efforts has been on the potential instability of the
orally ingested protein to acid or to proteolysis by diges-
tive enzymes. Thus, the need to provide additional sta-
bilization of orally administered proteins to oxidation has
not been appreciated prior to the present invention. More-
over, the benefits of such stabilization can be particularly
beneficial, particularly for the oral delivery of enzymes to
the stomach for the purpose of enhancing proteolysis.
The present invention arose at least in part from the dis-
covery that oxidation can play a key role in degradation
of such orally administered enzymes.
[0023] The enzyme ALV001, a recombinant, modified
form of the cysteine protease known as barley EPB2,
was rapidly inactivated in ex vivo extracts of fed human
gastric fluid and at rates that were significantly faster than
observed at similar pH (3 to 5) and pepsin content. One
aspect of the present invention arises from the discovery
that the addition of antioxidants, particularly sulfur-con-
taining antioxidants, such as sulfites or free thiols or
agents that generate free thiols in gastric fluid, stabilize
ALV001 (and thus, other cysteine proteases and
cysteine-containing proteins) in gastric fluid. Surprising-
ly, these sulfur-containing antioxidants can also regen-
erate active enzyme from inactivated ALV001 in gastric
fluid. Other antioxidants, such as ascorbic acid and me-
thionine (in which the sulfhydryl group is methylated) did
not stabilize (preserve the activity of) ALV001. ETDA did
help stabilize ALV001 in ex vivo gastric fluid, albeit to a
lesser extent than the antioxidants, and chelating agents
generally therefore provide some stabilization, alone or
in combination with an antioxidant, in accordance with
the invention. Among the antioxidants, sodium sulfite and
sodium metabisulfite are particularly effective in stabiliz-
ing ALV001.
[0024] As used herein, an "antioxidant" is a molecule
capable of slowing or preventing the oxidation of other
molecules. Oxidation is a chemical reaction that transfers
electrons from a substance to an oxidizing agent. Anti-
oxidants include, without limitation, reducing agents,
ascorbic acid (vitamin C), lipoic acid, melatonin, uric acid,
carotenes, retinols, tocopherols and tocotrienols, e.g. α-
tocopherol (vitamin E), ubiquinone (coenzyme Q), and
the like.
[0025] As used herein a "reducing agent" is any com-
pound in the subclass of physiologically acceptable anti-
oxidant compounds that reduces another species in a
redox (reduction-oxidation) reaction and, in so doing, be-
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come oxidized and so serves as an electron donor in the
redox reaction. Reducing agents include, without limita-
tion, methionine, glutathiol, dithiothreitol, dithioerythritol,
β-mercaptoethanol, sodium metabisulfite, thioglycolate,
cysteine, N-acetylcysteine, homocysteine, monothi-
oglycerol, sodium sulfite, potassium bisulfite, sodium thi-
osulfite, and the like. Some such agents comprise a free
thiol (i.e. mercaptan) group, e.g. monothioglycerol, sodi-
um thiosulfite, sodium metabisulfite, and the like. Agents
that are in an oxidized form but that comprise a free thiol
in acidic include, without limitation, α-lipoic acid, dithio-
threitol, glutathione, and the like.
[0026] For certain antioxidants, the levels required to
act in a one liter volume of the stomach would require an
amount of antioxidant in the dosage form (or to be taken
accompanying the dosage form) that are larger than cur-
rently accepted for toxicological reasons in the FDA’s
Inactive Ingredients Guide. Accordingly, their use in the
compositions of the invention would likely require addi-
tional clinical testing of the antioxidant itself. In contrast,
the sulfites and metabisulfites, especially their sodium
and potassium salts and combinations, with their long
history as preservatives in the food industry and their
unusual potency as reducing agents for cysteine proteas-
es as described herein are effective and accepted phar-
maceutical excipients.
[0027] In some embodiments of the invention, the anti-
oxidant is selected from sodium sulfite, sodium bisulfite,
potassium bisulfate, potassium metabisulfite, sodium thi-
osulfate, glutathione, cysteine, homocysteine, sodium
dithionite, thioglycerol, and acetylcysteine, alone or in
combination. In other embodiments, a sulfur containing
antioxidant is selected from the group consisting of so-
dium sulfite, sodium metabisulfite, N-acetylcysteine, ho-
mocysteine, cysteine, monothioglycerol, sodium thiosul-
fate, α-lipoic acid, and dithiothreitol. In some embodi-
ments, the antioxidant is sodium metabisulfite.
[0028] The dosage of an antioxidant for purposes of
the present invention may be empirically determined by
assays known in the art, e.g. by testing a range of doses
for stabilizing effect on a known concentration of protein.
It will be understood by one of skill in the art that the
dosage range will depend on the specific antioxidant. In
some embodiments, the dosage of antioxidant is at least
about 2 mg per dosage form; at least about 5 mg per
dosage form; at least about 10 mg per dosage form, at
least about 50 mg per dosage form; and not more than
about 500 mg per dosage form, usually not more than
about 300 mg per dosage form.
[0029] In some embodiments, the antioxidant is sodi-
um metabisulfite, which may be present at a concentra-
tion of from about 2 - 50 mg per dosage form, preferably
at from about 4 -16 mg per dosage form, and most pref-
erably at from about 6 - 10 mg per dosage form. In other
embodiments, the antioxidant is cysteine, which may be
present at a concentration of from about 5 - 400 mg per
dosage form, preferably at from about 10 - 350 per dos-
age form, and most preferably at from about 50 -300 mg

per dosage form.
[0030] In various embodiments, the pharmaceutical
formulation optionally comprises a chelating agent. The
chelating agent is a physiologically acceptable compo-
nent. Examples of the chelating agent include, without
limitation, ethylenediaminetetraacetic acid (EDTA), so-
dium ethylenediaminetetraacetate, EGTA, phytic acid,
citric acid, e.g. anhydrous citric acid, and the like. These
can be used alone or in admixture. In one embodiment,
the chelating agent is EDTA.
[0031] The dosage of a chelating agent may be empir-
ically determined by assays known in the art, e.g. by test-
ing a range of doses for stabilizing effect on a known
concentration of protein, usually in combination with a
selected antioxidant. It will be understood by one of skill
in the art that the dosage range will depend on the specific
chelating agent and protein to be administered. In some
embodiments, the dosage is at least about 5 mg per dos-
age form; at least about 10 mg per dosage form; at least
about 50 mg per dosage form, at least about 100 mg per
dosage form; and not more than about 500 mg per dos-
age form, usually not more than about 300 mg per dosage
form.
[0032] In some embodiments the chelating agent is cit-
ric acid, e.g. anhydrous citric acid, citric acid monohy-
drate, which may be present at a dose of from about 10
to about 500 mg per dosage form, usually at a dose of
from about 25 to 350 mg per dosage form, and may be
provided at a dose of from about 45 - 275 mg per dosage
form.
[0033] In the formulations of the present invention, an
antioxidant, e.g. a reducing agent as described above,
is provided at a concentration effective to stabilize the
protease active agent when exposed to gastric fluid, par-
ticularly when exposed to postprandial gastric fluid. The
formulations are intended for in vivo use. However, for
convenience, the stability may be tested in vitro, e.g. by
combining the protease with postprandial gastric fluid
and assessing proteolytic activity over a suitable period
of time, e.g. for about 10 minutes, about 20 minutes,
about 30 minutes, about 1 hour, or more. An effective
concentration is sufficient to maintain at least about 25%
of the enzyme starting activity, at least about 50% of the
enzyme starting activity, at least about 75% of the en-
zyme starting activity, or at least about 90% of the en-
zyme starting activity, or is sufficient substantially to
maintain the original activity for at least about 10 minutes,
at least about 30 minutes, or longer.
[0034] Thus, the present invention provides novel for-
mulations of proteins suitable for oral administration,
which proteins are more resistant to oxidative degrada-
tion than currently available compositions. Those of skill
in the art will appreciate that this discovery may enhance
the therapeutic potential of a wide variety of proteins for
oral administration, as prior testing or properties of a pro-
tein may have indicated that the protein would not provide
therapeutic benefit on oral administration. For example,
while papain is marketed as a nutraceutical, it has not
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found use as a therapeutic. Despite its high optimal tem-
perature, papain may provide therapeutic benefit if ad-
ministered in a formulation of the invention.
[0035] Those of skill in the art will therefore appreciate
that the present invention provides pharmaceutical for-
mulations of a protein as defined in the claims suitable
for oral administration that stabilize the protein in the fed
stomach. In one embodiment, the formulation comprises,
in addition to the protein and sulfur-containing antioxi-
dant, a chelating agent.
[0036] Cysteine proteases have been reported to be
useful for a variety of therapeutic purposes. For example,
U.S. Patent No. 6,241,973, describes cysteine proteases
useful in teeth whitening. PCT Publication No. WO
2004/058816, describes cysteine proteases useful in
vaccines against liver fluke. U.S. Patent App. Pub. No.
20080039400 describes cysteine proteases useful in
treating inflammatory bowel disease and other condi-
tions. U.S. Patent App. Pub. No. 20070264311, de-
scribes cysteine proteases useful in treating food intol-
erance. U.S. Patent App. Pub. No. 20070148267 de-
scribes cysteine proteases useful in regulating food in-
take. U.S. Patent App. Pub. Nos. 20060134017 and
20060134018 describe cysteine proteases useful in the
prevention of bacterial adhesion to biological surfaces,
i.e., for prevention of plaque formation. Cysteine proteas-
es have also been described for systemic treatments,
including, for example, induction of apoptosis in cancers.
The compositions of the invention are accordingly useful
in such methods.
[0037] The barley endoprotease EPB2 or a recom-
binant form thereof is a protease capable of digesting a
gluten peptide that is toxic to a Celiac sprue patient into
non-toxic fragments, either alone or in combination with
another protease.
[0038] As used herein, a "pharmaceutical formulation",
or "dosage form" includes any formulation intended for
administration to humans or mammals and so includes
not only formulations that undergo clinical testing and
approval by regulatory authorities, such as the FDA, but
also formulations that do not require regulatory approval,
such as nutraceuticals.
[0039] Thus, for example, the compositions of the in-
vention, including pharmaceutical formulations and dos-
age forms, can also include, depending on the formula-
tion desired, pharmaceutically-acceptable, non-toxic
carriers or diluents, which are defined as vehicles com-
monly used to formulate pharmaceutical compositions
for animal or human administration. The diluent is select-
ed so as not to adversely affect the biological activity of
the protease. Examples of such diluents are distilled wa-
ter, buffered water, physiological saline, PBS, Ringer’s
solution, dextrose solution, and Hank’s solution. In addi-
tion, the pharmaceutical composition or formulation can
include other carriers, adjuvants, or non-toxic, nonther-
apeutic, nonimmunogenic stabilizers, excipients and the
like. The compositions can also include additional sub-
stances to approximate physiological conditions, such

as pH adjusting and buffering agents, toxicity adjusting
agents, wetting agents and detergents.
[0040] The compositions of the invention can also in-
clude any of a variety of stabilizing agents, such as an
antioxidant for example. The proteins or polypeptides in
a composition of the invention can also be complexed
with molecules that enhance their in vivo attributes. Such
molecules include, for example, carbohydrates,
polyamines, amino acids, other peptides, ions (e.g., so-
dium, potassium, calcium, magnesium, manganese),
and lipids.
[0041] Further guidance regarding formulations that
are suitable for various types of administration can be
found in Remington’s Pharmaceutical Sciences, Mace
Publishing Company, Philadelphia, PA, 17th ed. (1985).
For a brief review of methods for drug delivery, see, Lang-
er, Science 249:1527-1533 (1990).
[0042] For oral administration, the active ingredient
can be administered in solid dosage forms, such as cap-
sules, tablets, and powders, such as in sachets or sprin-
kles, or in liquid dosage forms, such as elixirs, syrups,
and suspensions. The active component(s) can be en-
capsulated in gelatin or hypromellose capsules together
with inactive ingredients and powdered carriers, such as
glucose, lactose, sucrose, mannitol, starch, cellulose or
cellulose derivatives, magnesium stearate, stearic acid,
sodium saccharin, talcum, magnesium carbonate. Ex-
amples of additional inactive ingredients that may be add-
ed to provide desirable color, taste, stability, buffering
capacity, dispersion or other known desirable features
are red iron oxide, silica gel, sodium lauryl sulfate, tita-
nium dioxide, and edible white ink. Similar diluents can
be used to make compressed tablets. Both tablets and
capsules can be manufactured as sustained release
products to provide for continuous release of medication
over a period of hours. Compressed tablets can be sugar
coated or film coated to mask any unpleasant taste and
protect the tablet from the atmosphere, or enteric-coated
for selective disintegration in the gastrointestinal tract.
Liquid dosage forms for oral administration can contain
coloring and flavoring to increase patient acceptance.
[0043] The components used to formulate the pharma-
ceutical compositions of the invention are preferably of
high purity and are substantially free of potentially harm-
ful contaminants (e.g., typically at least National Food
(NF) grade, generally at least analytical grade, and more
typically at least pharmaceutical grade). To the extent
that a given compound must be synthesized prior to use,
the resulting product is typically substantially free of any
potentially toxic agents, particularly any endotoxins,
which may be present during the synthesis or purification
process.
[0044] Nutraceutical formulations are defined as "a
food or part of a food that offers medical and/or health
benefits including prevention or treatment of disease."
(Dr. Stephen DeFelice, director of Foundation for Inno-
vation In Medicine). Products range from isolated nutri-
ents, dietary supplements and diets, to genetically engi-
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neered designer foods, functional foods, herbal products
and processed foods such as cereal, soup and beverag-
es. Functional foods, the most popular term among con-
sumers but not a clearly delineated product category, are
defined by Clare Hasler, Ph.D., of the University of Illinois,
as foods that include "any modified food or food ingredi-
ents that may provide a health benefit beyond the tradi-
tional nutrients it contains." Nutraceutical formulations of
interest include foods for veterinary or human use, such
as health food bars, drinks and drink supplements, and
the like. These foods are enhanced by the inclusion of a
biologically active protease in a composition as provided
herein.
[0045] When the dosage form or dosage forms are for
treating celiac sprue and contain the enzyme ALV001,
at least one dosage form may contain ALV001 alone or
in combination with ALV002. The total content of ALV001
administered with a meal when ALV001 is administered
without ALV002 is from 50 to 2000 mg of ALV001 protein,
preferably between 100 and 1000 mg, and still more pref-
erably between 100 and 600 mg of ALV001. When
ALV001 and ALV002 are administered in a combination
either in the same or separate dosage forms, they may
be given in a ratio of 10:1 to 1:10, more preferably 3:1 to
1:3, and most preferably at a ratio of 1.5:1 to 1: 1.5. If
administered at approximately a 1:1 ratio, the total en-
zyme content given with a meal may be 50 to 2000 mg,
more preferably 50 to 900 mg, and most preferably 100
to 400 mg.
[0046] The proteolytic activity of ALV001 at 25°C
against the chromogenic substrate Z-Phe-Arg-pNA is as-
sessed by measuring the rate of change in the absorb-
ance of light at 410 nm. The method is based on the
release of para-nitroaniline (pNA, 4-nitroaniline) into so-
lution, which absorbs light at 410 nm. The specification
is ≥5000 u/mg for ALV001.
[0047] The proteolytic activity of ALV002 at 25°C
against the chromogenic substrate Z-Gly-Pro-pNA is as-
sessed by measuring the rate of change in the absorb-
ance of light at 410 nm. The method is based on the
release of para-nitroaniline (pNA, 4-nitroaniline) into so-
lution, which absorbs light at 410 nm. The specification
is ≥3000 u/mg for ALV002.
[0048] The present invention is useful in a method for
preventing and/or treating Celiac sprue and/or dermatitis
herpetiformis in a patient, said method comprising the
step of orally administering a stabilized cysteine protease
containing pharmaceutical formulation of the invention,
wherein the formulation is stabilized with an antioxidant,
and wherein the protease is capable of degrading gluten
into fragments non-toxic to Celiac sprue patients upon
oral administration, to said patient contemporaneously
with the patient’s ingestion of a gluten-containing food-
stuff. U.S. Patent Nos. 7,320,788 and 7,303,871 describe
methods for identifying proteases capable of degrading
gluten into fragments non-toxic to Celiac sprue patients.
[0049] In a further aspect, the present invention pro-
vides pharmaceutical formulations and dosage forms,

i.e., unit dose forms, of the novel compositions described
herein. In various embodiments, the unit dose form can
conveniently be used in the method of the present dis-
closure.

EXAMPLES

1. Demonstration of Instability of ALV001 in Postprandial 
Human Gastric Fluid

[0050] Frozen human postprandial gastric fluids were
thawed and centrifuged at 21,000g for 5 minutes to pellet
insoluble material, and the supernatant was used for this
example. Between 50 and 200 ml of gastric fluid were
added to the wells of a 96-well plate and incubated at 37
°C. When antioxidants were added, they were added at
this step. ALV001 or activated ALV001* (see PCT patent
application No. 2008/003425
regarding how ALV001* (the active form of ALV001) is
produced upon proteolytic cleavage of ALV001) was dis-
solved at a ratio of 20 ml water/mg powder, the concen-
tration was measured by the absorbance at 280 nm, and
the protein was added to the gastric fluid at a concentra-
tion of 0.1 to 0.3 mg/ml. At the specified sampling time,
a 1.6 ml sample of gastric fluid was diluted in assay buffer
to give a final volume of 280 ml, and the concentration
was measured by a chromogenic activity assay using Z-
Phe-Arg-p-nitroaniline (pNA) as the substrate. The meth-
od is based on the ability of pNA to absorb at 410 nm
when released from the substrate. ALV001 is the proen-
zyme or zymogen for Endoprotease B (Isoform 2) that
cleaves the C-terminal side of the arginine in the se-
quence Phe-Arg. Enzymatic cleavage and subsequent
release of pNA may be monitored by the change in ab-
sorbance at 410 nm. To determine the reaction rate, the
absorbance at 410 nm was measured every 10 seconds
for 1 minute. The slope of the regression line divided by
the enzyme concentration was the reported enzyme ac-
tivity.
[0051] Stability of ALV001* in human gastric fluid was
analyzed for 4 healthy volunteers fasting and at 15, 30,
45, 60, 75, and 90 minutes after eating a meal. The gastric
fluid was withdrawn from these subjects through a na-
sogastric tube. The enzymatic activity of ALV001 was
measured after 1.5, 5, 10, 20, and 60 minutes after ad-
dition to the gastric fluid. Western blots were also per-
formed to investigate proteolytic degradation of ALV001*
in the gastric fluid.
[0052] Figure 1 shows that ALV001* activity was only
detectable in the 15 and 30 minute postprandial gastric
fluid of Subject 4 and even then disappeared after 20
minutes of incubation. Similar results were observed for
the other 3 subjects and with the addition of the zymogen,
ALV001. In the fasting gastric fluid, rapid enzymatic deg-
radation of ALV001* was expected due to low pH, for
example, pH 1.3 for subject 4, and pepsin content. Post-
prandial gastric fluid has a transient increase in pH to the
range of 3.5 or 4 or even greater, and at this greater pH,
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pepsin activity is reduced, and ALV001* is expected to
be more resistant to proteolytic digestion and to degra-
dation by acidity.
[0053] As shown in Figure 2, for subject 1 in the 15
minute postprandial sample at pH 4.0, the enzyme
ALV001,was shown by the chromogenic assay to be rap-
idly inactivated, but the enzyme was still intact as meas-
ured by the Western blot, shown in Figure 3. In the same
subject, in the 30 and 60 minute postprandial gastric sam-
ples, which were pH 2.5 and 1.2, respectively, the en-
zyme was both inactive and proteolyzed. Similar data
were obtained with the other patient samples. The con-
clusion was that an unexpected loss of enzymatic activity
of this cysteine protease ALV001 in early postprandial
gastric fluid samples resulted from a mechanism that was
not related to proteolysis.

2. Demonstration of Stabilization of ALV001 in Postpran-
dial Gastric Fluid by 1-Thioglycerol (monothioglycerol)

[0054] Figure 4 shows the results of adding a range of
concentrations of monothioglycerol (MTG), from 0.01 to
50 mM, to the wells of 15 minute postprandial gastric fluid
as described above. A control without MTG was also in-
cluded. The rate of loss of enzymatic activity of ALV001
decreased with increasing MTG concentrations with no
loss at 50 mM MTG. Thus, the antioxidant MTG prevent-
ed the loss of enzyme activity of this cysteine protease.
[0055] Moreover, as shown in Figure 5, pre-incubation
of ALV003, a combination of ALV001 and ALV002 (a
recombinant form of Sphingomonas capsulata prolyl en-
dopeptidase) at approximately 1:1 enzyme ratio, in 15
minute postprandial gastric fluid followed by addition of
50 mM MTG versus no addition showed that the antioxi-
dant MTG could reverse the loss of enzymatic activity of
ALV001*. After approximately 20 minutes addition of
MTG to nonfunctional pre-incubated ALV001*, nearly full
enzymatic activity was restored.

3. Demonstration of Stabilization of ALV001 in Postpran-
dial Gastric Fluid by Selected Reducing Agents

[0056] Numerous reducing agents, in particular, N-
acetylcysteine, L-cysteine, homocysteine, 2-mercap-
toethanol, dithiothreitol, tris(2-Carboxyethyl) phosphine
hydrochloride (TCEP), lipoic acid, sodium thiosulfate, so-
dium sulfite, and sodium metabisulfite, were all demon-
strated to stabilize ALV001* in early postprandial gastric
fluid. In contrast, L-methionine and ascorbic acid did not
stabilize the enzyme. EDTA enhanced the stability of
ALV001*, suggesting a dependency on metals for the
inactivation.
[0057] Shown in Figure 6, selected reducing agents
were added at 5 mM to ex vivo postprandial gastric fluid
that was obtained from a healthy volunteer 15 minutes
after eating and was incubated at 37 °C. The proenzyme
ALV001 was added to the gastric fluid. Acetate buffer at
pH 4.5 was used as a control, because ALV001 is fully

activated under these conditions. Samples were taken
to determine ALV001 activity after 1.5, 5, 10, 20, 45 min-
utes.
[0058] As can be seen from the figure, the cysteine
protease ALV001 was fully active in acetate buffer. In
contrast, the enzyme is rapidly inactivated in water, glu-
ten, and even with ascorbic acid, an antioxidant, added.
There is evidence of stabilization with the chelating
agent, EDTA. Substantial improvements in stability were
observed with the reducing agents, cysteine and N-ace-
tylcysteine, and the most effective stabilization was dem-
onstrated with the reducing agent sodium sulfite.
[0059] Shown in Figure 7, in a second set of tests per-
formed in the same manner, sodium thiosulfate at 0.5
mM, sodium metabisulfite at 0.5 mM, and lipoic acid at
5 mM were demonstrated to improve the stability of
ALV001 in postprandial gastric fluid.
[0060] Shown in Figure 8, sodium sulfite was a partic-
ularly effective reducing agent to stabilize the ALV001,
with the effective persisting down to 0.05 mM. Sodium
metabisulfite improved stability of ALV001 even at con-
centrations of 50 mM.
[0061] Shown in Figure 9, in another set of tests, the
ability of these reducing agents and a chelating agent to
reverse the degradation of ALV001 in gastric fluid was
examined. ALV001 was added to postprandial gastric
fluid and incubated for 15 minutes at 37 °C. Reducing
agents were added at 5 mM to the gastric fluid and then
samples were taken to examine ALV001 activity at 1.5,
5, 10, 20, and 40 minutes after the addition of the reducing
agents. The buffer control and EDTA did not restore the
enzyme activity, and sodium sulfite and acetylcysteine
partially restored the enzyme activity.
[0062] Shown in Figure 11, the dose dependence of
sodium metabisulfite and improved stability of ALV001
at 0.12 mg/ml was measured in postprandial gastric fluid.
Samples were taken at 1.5, 5, 10, 20, and 40 minutes.
While sodium metabisulfite provided considerable stabi-
lization even at 25 mM, the best stabilization was ob-
served at 50 mM. This test was repeated at twice the
enzyme concentration to ensure that the effect was not
dependent on enzyme concentration, Figure 12.

4. Dosage Form Stability Testing

[0063] 65 mg of ALV003, a mixture consisting of 38
mg ALV001 (Lot A031207) and 27 mg of ALV002 (Lot
B061707) were weighed into each hypromellose cap-
sules size 0 (Qualicaps). For one set of capsules 0.8 mg
per capsule sodium metabisulfite (Spectrum, Lot WG
0855) was first added to the ALV003 powder and it was
mixed by hand with a spatula before placing in the cap-
sules. The hypromellose capsules were placed in 30 ml
polypropylene vials with 1g desiccant canisters (Sorb-it).
The vials were transferred into 25°C/60%RH and 40
°C/75% RH stability chambers. Samples were withdrawn
at Initial (T=0), 2, 4, and 8 week intervals for enzyme
activity analysis.
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5. Sodium Metabisulfite in Grape Juice as Antioxidant

[0064] The compositions of the invention include food-
stuffs modified to contain a therapeutic protease and an
anti-oxidant, reducing agent, and/or chelating agent. This
example illustrates the use of the reducing agent sodium
metabisulfite in combination with the cysteine protease
ALV001 taken or admixed with grape and other juices.
To demonstrate the ability to stabilize ALV001 in gastric
fluid by grape juice, as an example, the following exper-
iment was performed. ALV001 was prepared in water at
20 ml/mg powder or approximately 9.5 mg/ml. Into a 96
well plate was added 54 ml 15 minute postprandial gastric
fluid pre-incubated to 37 °C, 5 ml of juice and 2.66 ml of
ALV001 diluted 1:1 with water. The juices tested were
sparkling white grape juice (Welch’s), white grape juice
(Welch’s), white grape juice (Safeway), lime juice (Real-
ime), and lemon juice (Safeway). These fruit juices con-
tain metabisulfite as a preservative. Water was used as
a control. The water control showed the usual rapid deg-
radation of ALV001 in postprandial gastric fluid. The lime
and lemon juice showed slower degradation of ALV001,
and all 3 grape juices were stable over the 20 minute
time course of the test.
[0065] Thus, in one embodiment of the invention,
ALV003 or another glutenase is administered (for exam-
ple, 300 mg of drug) in an HPMC capsule and is taken
with a glass, approximately 100 to 250 ml or more, of
grape juice.

6. Sodium Metabisulfite in Orange Juice as Antioxidant

[0066] 3 mg/ml ALV001 was reconstituted in orange
juice with or without 840 mM sodium metabisulfite. Chro-
mogenic enzyme activity was measured as described
above, at the indicated timepoints, to determine the rel-
ative amount of functional enzyme, as shown in Figure
13. The data show increased stability in the presence of
sodium metabisulfite.

7. Cysteine as Antioxidant

[0067] A gluten-free meal was chewed and spit into
resting gastric fluid. ALV003 and varying levels of
cysteine were added at time 0, and the stability of ALV001
activity was measured by monitoring chromogenic en-
zyme activity over time. Gastric acid secretion was sim-
ulated throughout the experiment. As shown in Figure
14, cysteine stabilizes ALV001 activity under these sim-
ulated postprandial gastric conditions.

8. Citric Acid Monohydrate and Sodium Bisulfite as Anti-
oxidant

[0068] 150 mg of enzyme (ALV001) was formulated
with 300 mg. citric acid monohydrate, and 8 mg. sodium
metabisulfite, placed in polypropylene bottle, and sealed
in foil pouches. A chromogenic assay was measured at

specified time points to assess stability, as shown in Fig-
ure 15.

9. Dosage Forms

[0069] The present invention provides a dosage form
that contains 300 mg or 900 mg ALV003, optionally in a
tablet form, with added mannitol and microcrystalline cel-
lulose and 8 mg sodium metabisulfite.
[0070] The present invention provides a dosage form
that contains a lyophilized powder of ALV001 in which
sodium metabisulfite had been added to the solution prior
to lyophilization instead of monothioglycerol at a ratio
from 100:8 (w/w) to a ratio of 900:4 (w/w).
[0071] The present invention provides a dosage form
that contains a spray dried powder of ALV001 in which
sodium metabisulfite had been added to the solution prior
to spray drying instead of monothioglycerol at a ratio from
100:8 (w/w) to a ratio of 900:4 (w/w).
[0072] The present invention provides a dosage form
that contains immediate release ALV001 in a range of
100 to 900 mg and sodium metabisulfite in a range of 1
to 10 mg.
[0073] The present invention provides a dosage form
that contains controlled release ALV001 in a range of
100 to 900 mg and sodium metabisulfite in a range of 1
to 10 mg released from 30 minutes to 6 hours.
[0074] The present invention provides a dosage form
that contains controlled release ALV001 in a range of
100 to 900 mg and sodium metabisulfite in a range of 1
to 10 mg released from 30 minutes to 6 hours.
[0075] The present invention provides a dosage form
that contains pulsed release ALV001 in a range of 100
to 900 mg and sodium metabisulfite in a range of 1 to 10
mg in an immediate release pulse and a second pulse
released from 20 minutes to 6 hours later.
[0076] The present disclosure provides a dosage form
that contains a protease and a quantity of an antioxidant
that achieves an antioxidant concentration of at least 30,
50, 100, or 200 mM in the stomach.
[0077] The present disclosure provides a dosage form
that contains a protease and a quantity of a compound
that generates a concentration of free thiol of at least
100, 200, or 500 mM in the stomach.
[0078] The present invention provides a dosage form
that contains sodium metabisulfite and may contain both
ALV001 and ALV002 where one enzyme component is
formulated to provide an immediate release and the other
enzyme component is either a pulsed release or to pro-
vide a controlled release.
[0079] All of the ALV001 dosage forms above can also
be modified to include a second protease. In one embod-
iment, the second protease is a prolyl endopeptidase
(PEP). In one embodiment the PEP is Sphingomonas
capsulata PEP, for example and without limitation, as
described in PCT Pub. No. 2008/115411. In various em-
bodiments, between 1-2000 mg of the PEP and ALV001
are dosed at a PEP:ALV001 weight ratio of between
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1:100 to 100:1, more preferably between 1:20 to 20:1,
more preferably between 1:5 and 5:1, and most prefer-
ably at a 1:1 ratio. In one embodiment, the dosage form
is constructed so that the ALV001 and antioxidant, e.g.,
sodium metabisulfite, are immediately released, and the
PEP is released either immediately; or is released in one
or more short, delayed pulses (from 10 minutes to 3
hours); or is released in sustained release over 10 min-
utes to 3 hours.
[0080] In one embodiment, the present disclosure pro-
vides a dosage form in which the antioxidant is an anti-
oxidant other than sodium metabisulfite.
[0081] The present disclosure provides oral dosage
forms comprising a protein and an antioxidant selected
from the group consisting of sodium sulfite, sodium bi-
sulfite, potassium bisulfate, potassium metabisulfite,
alone or combination; sodium thiosulfate; glutathione,
cysteine, homocysteine, sodium dithionite, thioglycerol;
and acetylcysteine.
[0082] The present disclosure may provide roller com-
pacted granules or pellets of the enzyme. The antioxidant
may be either contained in the granules or pellets or
blended with the granules or pellets and either filled or
compressed into a dosage form.
[0083] The pharmaceutical formulations of the inven-
tion can be in the form of, for example and without limi-
tation, particles, particles in capsule or sachet, or tablet.
Tablets may be single layer, bilayer, or multilayer and
may be coated or uncoated. The formulation can, for ex-
ample and without limitation, be added to a food or drink
and then administered, for example, as a sprinkled pow-
der or granule formulation or as a spread in the form of
a jam or powder. A capsule of low water content may be
desired for stability, and hypromellose capsules, HPMC,
of size 1, 0, or 00, can be used. Capsules can be pack-
aged in a dry environment either with desiccant or des-
iccant packs or if in blisters under dry nitrogen or other
dry environment.
[0084] The pharmaceutical formulations of the inven-
tion can comprise a lubricant such as magnesium stea-
rate, stearic acid, sodium stearyl fumarate, or sodium
stearyl lactylate, hydrogenated vegetable oil (such as hy-
drogenated and refined triglycerides of stearic and pal-
mitic acids). These may be at 0.3 to 5% of weight of the
dosage form. If mannitol is contained at a high concen-
tration in the lyophilized powder, then higher concentra-
tions of lubricant may be used.
[0085] The cysteine protease (or other protein active
pharmaceutical ingredient) powder may be blended with
lubricant or other excipients such as a filler or binder and
granulated. If the cysteine protease is unstable with water
and temperature, then these can be roller compacted
into granules, if necessary using chilled rollers for stabil-
ity. One may optionally include an agent that modifies or
controls pH, at least for the first few minutes after the
dosage form is in the GI tract, to facilitate activation of
zymogen proteins such as ALV001.
[0086] Fillers such as dicalcium phosphate, microcrys-

talline cellulose, maltodextrins, mannitol, lactose, su-
crose, or trehalose may be included and blended with
the powders or included in the lyophilized powder or
spray-dried powder. More hydrophilic fillers such as mi-
crocrystalline cellulose may be avoided for certain en-
zymes, such as ALV001.
[0087] Controlled-release excipients may be blended
in to form polymeric drug-containing matrices. These ma-
trices may be from about 1 mm in diameter to the size of
a full tablet 10 to 12 mm in width and even 1.8 cm or
more in length. These matrices can provide extended-
release into the stomach being retained with food for ©
to 8 hours depending on the size. These matrices may
or may not be swellable. If swellable, extended-release
hydrophilic polymers that are appropriate include cellu-
lose polymers and their derivatives (such as for example,
hydroxyethylcellulose, hydroxypropylcellulose, car-
boxymethylcellulose, and microcrystalline cellulose,
polysaccharides and their derivatives, polyalkylene ox-
ides, polyethylene glycols, chitosan, poly(vinyl alcohol),
xanthan gum, maleic anhydride copolymers, poly(vinyl
pyrrolidone), starch and starch-based polymers, poly (2-
ethyl-2-oxazoline), poly(ethyleneimine), polyurethane
hydrogels, and crosslinked polyacrylic acids and their de-
rivatives. Further examples are copolymers of the poly-
mers listed in the preceding sentence, including block
copolymers and grafted polymers. Extended-release
coatings could also be prepared on these particles using
some of the above polymers.

Claims

1. A solid pharmaceutical formulation of a barley endo-
proteinase B2 (EPB2) or a recombinant form thereof
suitable for oral administration in unit dose form that
comprises a sulfur-containing antioxidant selected
from a sulfate, a free thiol, and the group consisting
of sodium sulfite, sodium metabisulfite, N-acetyl-
cysteine, homocysteine, cysteine, monothioglycer-
ol, sodium thiosulfate, α-lipoic acid, and dithiothrei-
tol.

2. The pharmaceutical formulation of claim 1, wherein
said anti-oxidant is present in a dosage of at least
about 2 mg per dosage form to not more than about
500 mg per dosage form.

3. The pharmaceutical formulation of either of claims 1
or 2, wherein said sulfur-containing antioxidant is so-
dium metabisulfite, which is present at about 2 - 50
mg per dosage form.

4. The pharmaceutical formulation of either of claims 1
or 2, wherein said sulfur-containing antioxidant is
cysteine, which is present at about 5 - 400 mg per
dosage form.
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5. The pharmaceutical formulation of any one of the
preceding claims that comprises a chelator.

6. The pharmaceutical formulation of claim 5, wherein
the chelator is EDTA or citric acid.

7. The pharmaceutical formulation of claim 6, wherein
said chelator is present is present in a dosage of at
least about 5 mg per dosage form to not more than
about 500 mg/dosage form.

8. The pharmaceutical formulation of claim 7, wherein
said chelator is citric acid, which is present at 10 to
500 mg per dosage form.

9. The pharmaceutical formulation of any one of the
preceding claims wherein the unit dose further com-
prises a prolyl endopeptidase.

10. The pharmaceutical formulation of claim 9 wherein
said prolyl endopeptidase is a Sphingomonas cap-
sulata PEP or a recombinant form thereof.

11. The pharmaceutical formulation of any one of the
preceding claims, wherein the formulation is a cap-
sule, tablet, powder, sachet or sprinkles.

12. The formulation of any one of claims 1-11 for use in
a method for preventing and/or treating Celiac sprue
and/or dermatitis herpetiformis in a patient, said
method comprising the step of orally administering
said formulation to said patient contemporaneously
with the patient’s ingestion of a gluten-containing
foodstuff.

Patentansprüche

1. Feste pharmazeutische Formulierung eines Gers-
ten-Endoproteinase-B2 (EPB2) oder einer rekombi-
nanten Form davon, geeignet für eine orale Verab-
reichung in Einheitsdosierform, die ein schwefelhal-
tiges Antioxidans umfasst, das aus einem Sulfat, ei-
nem ungebundenen Thiol und der Gruppe beste-
hend aus Natriumsulfit, Natriummetabisulfit, N-Ace-
tylcystein, Homocystein, Cystein, Monothioglycerin,
Natriumthiosulfat, α-Liponsäure und Dithiothreit
ausgewählt ist.

2. Pharmazeutische Formulierung nach Anspruch 1,
worin das Antioxidans in einer Dosierung von zumin-
dest etwa 2 mg pro Dosierform bis nicht mehr als
etwa 500 mg pro Dosierform enthalten ist.

3. Pharmazeutische Formulierung nach Anspruch 1
oder 2, worin das schwefelhaltige Antioxidans Nat-
riummetabisulfit ist, das in etwa 2-50 mg pro Dosier-
form enthalten ist.

4. Pharmazeutische Formulierung nach Anspruch 1
oder 2, worin das schwefelhaltige Antioxidans Cy-
stein ist, das in etwa 5-400 mg pro Dosierform ent-
halten ist.

5. Pharmazeutische Formulierung nach einem der vo-
rangegangenen Ansprüche, die einen Chelatbildner
umfasst.

6. Pharmazeutische Formulierung nach Anspruch 5,
worin der Chelatbildner EDTA oder Citronensäure
ist.

7. Pharmazeutische Formulierung nach Anspruch 6,
worin der Chelatbildner in einer Dosierung von zu-
mindest etwa 5 mg pro Dosierform bis nicht mehr
als etwa 500 mg/Dosierform enthalten ist.

8. Pharmazeutische Formulierung nach Anspruch 7,
worin der Chelatbildner Citronensäure ist, die bei 10
bis 500 mg pro Dosierform vorhanden ist.

9. Pharmazeutische Formulierung nach einem der vo-
rangegangenen Ansprüche, worin die Einheitsdosis
ferner eine Prolylendopeptidase umfasst.

10. Pharmazeutische Formulierung nach Anspruch 9,
worin die Prolylendopeptidase eine Sphingomonas-
capsulata-PEP oder eine rekombinante Form davon
ist.

11. Pharmazeutische Formulierung nach einem der vo-
rangegangenen Ansprüche, worin die Formulierung
eine Kapsel, eine Tablette, ein Pulver, ein Päckchen
oder Sprühnebel ist.

12. Formulierung nach einem der Ansprüche 1-11 zur
Verwendung in einem Verfahren zur Prävention
und/oder Behandlung von Zöliakie und/oder Derma-
titis herpetiformis in einem Patienten, wobei das Ver-
fahren den Schritt des oralen Verabreichens der For-
mulierung an den Patienten zur selben Zeit mit der
Aufnahme eines glutenhaltigen Nahrungsmittels
durch den Patienten umfasst.

Revendications

1. Formulation pharmaceutique solide d’une endopro-
téinase d’orge B2 (EPB2) ou d’une forme recombi-
née de celle-ci adaptée à une administration orale
sous une forme galénique unitaire qui comprend un
antioxydant contenant du soufre choisi parmi un sul-
fate, un thiol libre, et le groupe constitué du sulfite
de sodium, du métabisulfite de sodium, de la N-acé-
tylcystéine, de l’homocystéine, de la cystéine, du
monothioglycérol, du thiosulfate de sodium, de l’aci-
de α-lipoïque et du dithiothréitol.
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2. Formulation pharmaceutique selon la revendication
1, dans laquelle ledit antioxydant est présent en une
dose d’au moins environ 2 mg par forme galénique
à pas plus d’environ 500 mg par forme galénique.

3. Formulation pharmaceutique selon l’une ou l’autre
des revendications 1 ou 2, dans laquelle ledit an-
tioxydant contenant du soufre est le métabisulfite de
sodium, lequel est présent à raison d’environ 2 à 50
mg par forme galénique.

4. Formulation pharmaceutique selon l’une ou l’autre
des revendications 1 ou 2, dans laquelle ledit an-
tioxydant contenant du soufre est la cystéine, laquel-
le est présente à raison d’environ 5 à 400 mg par
forme galénique.

5. Formulation pharmaceutique selon l’une quelcon-
que des revendications précédentes qui comprend
un chélateur.

6. Formulation pharmaceutique selon la revendication
5, dans laquelle le chélateur est l’EDTA ou l’acide
citrique.

7. Formulation pharmaceutique selon la revendication
6, dans laquelle ledit chélateur est présent est pré-
sent en une dose d’au moins environ 5 mg par forme
galénique à pas plus d’environ 500 mg/forme galé-
nique.

8. Formulation pharmaceutique selon la revendication
7, dans laquelle ledit chélateur est l’acide citrique,
lequel est présent à raison de 10 à 500 mg par forme
galénique.

9. Formulation pharmaceutique selon l’une quelcon-
que des revendications précédentes dans laquelle
la dose unitaire comprend en outre une prolyl endo-
peptidase.

10. Formulation pharmaceutique selon la revendication
9 dans laquelle ladite prolyl endopeptidase est une
Sphingomonas capsulata PEP ou une forme recom-
binée de celle-ci.

11. Formulation pharmaceutique selon l’une quelcon-
que des revendications précédentes, laquelle formu-
lation est une capsule, un comprimé, une poudre,
un sachet ou des comprimés à saupoudrer.

12. Formulation selon l’une quelconque des revendica-
tions 1 à 11 pour utilisation dans un procédé de pré-
vention et/ou de traitement d’une maladie coeliaque
et/ou d’une dermatite herpétiforme chez un patient,
ledit procédé comprenant l’étape d’administration
orale de ladite formulation audit patient simultané-
ment avec l’ingestion par le patient d’un aliment con-

tenant du gluten.
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